Bats are considered to play a significant role in the epidemiology of histoplasmosis, worldwide. We investigated the occurrence of H. capsulatum in lung samples from 89 bats, from urban areas in Southeastern Brazil, using nested PCR based on ribosomal DNA. Fungal DNA was detected in 31/89 samples (34.8%), of which 13/31 were Molossids (41.9%), 4/31 Eumops spp. (12.9%), 2/31 Artibeus lituratus (6.5%), and 12/31 others (38.7%). This is the first report of natural infection by H. capsulatum in A. lituratus in Southeastern Brazil, which reinforces the importance of these synanthropic animals in the epidemiology of histoplasmosis in urban areas.
Introduction
Histoplasma capsulatum is a worldwide dimorphic fungus and the agent of histoplasmosis, an important zoonosis. The occurrence of the disease has been related to specific environmental conditions, that is, caves, abandoned or wrecked houses and buildings, 1 as well as places where bird and bat feces are accumulated. 2 It is usually asymptomatically in humans. However, the acute infections have been reported as outbreaks, characterized with intense clinical manifestations, that is, fever and respiratory problems. The disseminated progressive form of histoplasmosis affects, in particular, immunosuppressed individuals. 3 In domestic animals, H. capsulatum infection has been described in dogs and cats associated with respiratory and/or gastrointestinal findings; however, it is usually asymptomatic as observed in humans. The enriched soil site offers an optimal condition for fungal growth and subsequent population exposure when the soil is disturbed, and the spores are aerosolized and inhaled, 5 which highlight the importance of wild birds such as starlings, grackles, red-winged, blackbirds, and cowbirds and mammals such as raccoon, skunk, badger, rodents, armadillo, monkey, sloth, mara, paca, and bats due their feeding habits. H. capsulatum has been described in different wild animals. 2, [6] [7] [8] Bats become infected by inhalation, and the fungus may be disseminated systemically, including also to intestines. Once in feces, the fungus may be released to environment. Because the guano of bats are nitrogen-rich and act as a source of nutrients for the fungus in environment which allows the infection of new hosts. 2, 9 Given that bats play a significant role in the epidemiology of histoplasmosis, here we investigate the presence of H. capsulatum colonization in the lung of different bat species in the region of Botucatu, Southeastern Brazil.
Methods
In a cross-sectional study, we evaluated 89 bats from Southeastern Brazil, after tested for rabies on a routine epidemiological surveillance. All studied species and respective feeding habits are listed on Table 1 . This study was approved by or local Ethics Committees, protocol number 170/2011.
Lung samples (200 mg) were homogenized using an automated machine (Biospec Products). DNA extraction was processed using the Illustra Tissue and Cells genomic Prep Mini Spin Kit (GE Healthcare, Barrington, IL, USA), according to the manufacturer's instructions and for each 10 lungs evaluated, a positive (culture of H. capsulatum) and negative (ultra-pure water) controls were included. Polymerase chain reaction (PCR) and nested-PCR were carried out in 25 μl, containing the reaction buffer (10 mM Tris HCl pH 8.0, 50 mM KCl, 1.5 mM MgCl 2 ), 0.2 mM dNTP, 20 μM each primer, 0.2 units of Taq Platinum (Invitrogen), and 10 ng genomic DNA. Molecular detection was carried out with universal primers ITS4 (5 -TCCTCCGCTTATTGATATGC-3 ) and ITS5 (5 -GGAAGTAAAAGTCGTAACAACG-3 ), 10 and the inner primers were histoI (5 -GCCG-GACCT TTCCTCCTGGGGAGC-3 ) and histoII (5 '-CAA GAATTTCACCTCTGACAGCCGA-3 ). 11 Positive (DNA of culture of H. capsultatum) and negative (ultra-pure water and also DNA of Paracoccidioides brasiliensis) controls were employed in all PCR reactions. Amplicons were sequenced in a Genetic Analyzer 3500 automated sequencer (Applied Biosystems R , Foster City, CA, USA). The sequences were aligned using MEGA7 software 12 and compared to other sequences deposited at GenBank (http://www.ncbi.nlm.nih.gov/BLAST). The frequency of infected animals was described based on percentages and their respective 95% confidence intervals (95% CI) were calculated using the software Stata v. 11.0 (StataCorp LP, College Station, TX, USA), considering a significance level (α) of 5%.
Results
Among 89 bat lung samples herein evaluated, we found 31 (34.8% 95% CI 25.7-45.2) positive for fungal detection. Table 1 
Discussion
The reduction, fragmentation, and transformation of natural habitats represent a threat to the global biodiversity, and bats are one of the most affected species. 13 The population of insectivorous and frugivorous bats has significantly grown in urban areas due to the lack of planning for urbanization, especially concerning the development of architectonic and landscape projects. 14 The reduction of the natural habitats for bats associated to the presence of shelters and absence of predators contributes to this process. Consequently, the close contact among bats, men and domestic animals has increased. 3, 15 The detection of chiropterans infected with H. capsulatum is important when considering that these animals were originally captured from urban areas, when a bat displays diurnal behavior or entered a house. Among the bats herein evaluated, we found 18 (20.2%) positive for rabies, but no coinfection with H. capsulatum was observed (data not shown). By our results we observed that fungal infection was greater than viral one (34.8% vs.20.2%, respectively), which highlights the importance of monitoring H. capsulatum in bats. The fact that infected bats come from urban areas increases the importance of histoplasmosis surveillance, beside literature reports noting that the majority of human histoplasmosis is associated with harborages, such as caves, where the exposure to the fungus present in soil with guano can be more intense than in residences roofs, for example. 9 Every year, many people become infected with H. capsulatum, especially in the Americas. The human infection usually occurs in endemic areas during daily or labor-related activities, especially due to inhalation of fungal spores present in caves and old buildings and houses. 16 In an investigation of 2,850 cases of histoplasmosis resulted from 105 reported outbreaks in United States and Puerto Rico during 1938 to 2013, 23% of these outbreaks were related to bats or bat droppings, and birds or bird droppings was related to 56%. In this way, excavation or clearing foliage in a bird-roosting site may contribute to occurrence of the histoplasmosis, associated to a contaminated environment by animal excrements. 17 In Brazil, 28 outbreaks were reported since 1958 in nine states with 255 patients. 18 Many studies in literature among zoonotic and potentially zoonotic pathogens in bats are related to viral infections, such as rabies (and other lyssaviruses), severe acute respiratory syndrome (SARS-CoV), Nipah, Hendra, Ebola, and Marburg viruses. 21 More studies involving molecular epidemiology of H. capsulatum in urban areas are required, especially to understand the range of host species and the places of the occurrence of the fungus. These studies may allow establishing surveillance plans aiming to prophylactic measures to control histoplasmosis dissemination. Among other actions, sanitary measures aiming to raise the public awareness about the role of bats in the transmission of histoplasmosis are necessary, as well as surveillance inquiries for H. capsulatum infection in bats linked to rabies control activities. Bats are, undoubtedly, important animals in nature by predating insects and pollinizing vegetation; however, they are also considered synanthropic animals living close to man and harboring several pathogens. Detecting H. capsulatum infection in bats from urban areas is an important finding from a public health prospective, considering the proximity of these animals with human habitations and their role in the maintenance and dissemination of the pathogenic fungus in the environment.
